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abstract — C hromosomal studies pertaining to the mitotic and polytene chromosomes, nucleolus, 
C-band positive heterochromatin and naturally occurring chromosomal polymorphism have been 
undertaken for the first time in Chironomus striatipennis. Our present analysis of larval samples from six 
different Indian natural populations has yielded four paracentric inversions in this species. The 
distribution of inversions in relation to the interspecific competition and environmental conditions has 
been discussed. 


INTRODUCTION 

The flies of the family Chironomidae, particular- 
ly those of the genus Chironomus, have contri- 
buted remarkably in elucidating several important 
phenomena of cytogenetics. Despite this, Indian 
species of Chironomus have been largely neglected 
until recently. It is, however, only very recent that 
the importance of these flies has been appreciated 
by various workers in India [1-3]. 

The present paper deals with the results of some 
chromosomal studies undertaken for the first time 
in Chironomus striatipennis, a commonest and 
wide-spread Indian species. 

MATERIALS AND METHODS 

The larv'ae for the present study were collected 
from six different isolated aquatic localities in the 
vicinity of Varanasi. All localities were of semi- 
permanent nature. Out of them, three localities 
namely Zoology Department, Central Office and 
Hostel Campus were situated within the area of 
the Banaras Hindu University (BHU), whereas 
the remaining localities, Saket Nagar, Naharia and 
Bhagvsanpur placed approximately within a radius 
of 5 km from BHU campus. At Saket Nagar, 
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Naharia and Zoology Department Chironomus 
striatipennis was found to coexist with a closely 
related species, Ch. circumdatus, while at other 
three localities the former species lived solitary. 
The culture of this species was also established in 
our laboratory following the procedure of Hagele 

[4] . 

The mitotic chromosomes, polytene chromo- 
somes and their photomap were prepared from 
mid 4th instar larvae by the methods adopted by 
Kumar and Gupta [3]. The numbering of polytene 
chromosome was done in decreasing order of size, 
chromosome I being the largest and chromosome 
IV the shortest. For marking centromeric position 
in each chromosome, the BSG method of Sumner 

[5] was used with minor modification as suggested 
by Lentzios et al [6] for polytene chromosomes. 
The left and right arms of a polytene chromosome 
corresponding to a mitotic metacentric chromo- 
some were marked arbitrarily after determining 
the position of the centromere. Some important 
landmarks in each chromosome were also detected 
in order to facilitate its quick identification. 

For naturally occurring chromosomal poly- 
morphism a considerable number of wild caught 
larvae from six foresaid localities were examined 
through their polytene chromosomes. The fre- 
quency of each inversion heterozygote and the 
mean number of heterozygous inversions per indi- 
vidual in each population were also inspected. 
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RESULTS 

Mitotic chromosomes 

The karyotype of this species as revealed by the 
mitotic metaphase chromosomes from the larval 
brain ganglion consists of 3 pairs of metacentrics 
and 1 pair of small rod-like chromosomes (Fig. 
la). The X and Y chromosomes are not disting- 
uished from each other. 

Polytene chromosomes 

The salivary gland nuclei of this species com- 
prise four unequal polytene chromosomes which 
lie freely within the nucleus in the absence of an 
organized common chromocenter. These chromo- 
somes have been designated from I to IV in the 
order of decreasing length. Each chromosome has 
been further characterized by the presence of 


certain constantly occurring landmarks (Fig. 2). 
Chromosome I 

This chromosome, besides being the longest, 
can be distinguished also by its flared tip, a large 
puff in 6E, a spindle-shaped structure with a 
medianly placed thick dark band corresponding to 
the centromere in 3D-4A and a puff-like swelling 
in 2C region. 

Chromosome II 

This chromosome is smaller in its size than the 
chromosome I. Besides this, its fan-shaped free tip 
in IID, two closely placed thick dark bands in IIB, 
two small bulb-like swelling containing several fine 
bands in 8D and 9D and a characteristic swollen 
segment in 7B were also found to be of great 
diagnostic importance. 



Fig. 1. Chironomus striatipennis a) Mitotic metaphase chromosomes, b) showing association of nucleolus with IV 
chromosome, c) arrows: centromeric C-band. nu: nucleolus. 
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Fig. 2. Photomap of the polytene chromosome of Chironomus striatipennis. Arrows: Centromere position. 


Chromosome III 

This chromosome is found lo be much smaller 
than the foregoing two chromosomes. However, 
its highly expanded free tip in 15E, two consecu- 
tively placed spindle-like structures in 13B-E and a 
large bulb with several dark bands in 14E also 
proved to be of great importance. 

Chromosome IV 

This chromosome, besides being the shortest, is 


further characterized by its terminal splitting and 
also bearing the nucleolus in 18C segment. 

Nucleolus 

The association of nucleolus with the salivary 
gland chromosomes of Ch. striatipennis was 
observed. Detailed chromosome analysis revealed 
that the 18C segment of the chromosome IV was 
associated with nucleolus (Fig. lb). 
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Fig. 3. Inversion in IL (a), IR (b), IIL (c) and IIIL(d). 


C-banding 

The C-banding technique was used in order to 
define centromere position in the polytene 
chromosomes of Ch. striatipennis . By this techni- 
que it could be possible to visualize C- 
heterochromatin in the form of a deeply stained 
band at the site of centromere in each chromo- 
some: the centromeres of chromosomes I, II, III, 
and IV were identified on 3/4, 8/9, 13/14 and 16A 
segments respectively (Fig. Ic). 

Chromosomal Polymorphism in Indian Natural 
Populations 

A little over 1200 larvae of Ch. striatipennis from 
six different localities mentioned above were 
analysed for naturally occurring chromosomal 
polymorphism. In this species four paracentric 
inversions were found, and they were arbitrarily 
designated as a, b, c and d (Fig. 3a-d). The 
inversions a and b were found in the left and right 


arm of chromosome I respectively, while inver- 
sions c and d involved the left arm of chromosome 
II and III respectively. The breakpoints of these 
inversions were determined with the help of the 
standard photomap of polytene chromosome of 
this species (Table 1). The frequencies of various 
inversion heterozygotes and the mean number of 
heterozygous inversions per individual in different 
populations were also calculated (Table 2). The 
values and associated probabilities between 


Table 1. Details of various paracentric inversions 
in Ch. striatipennis, their positions, breakpoints 
and types of inversions 


Inversion 

Chromosome 
arm involved 

Position 

Breakpoints 

a 

IL 

Submedian 

1D;3C 

b 

IR 

Subterminal 

4D;6C 

c 

IIL 

Submedian 

7C;8B 

d 

IIIL 

Subterminal 

12B ; 13A 
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Table 2. Frequencies (in percent) of various inversion heterozygotes and the mean number of 
heterozygous inversions per individual in natural populations of C/i. striatipennis 


Population 

No. of Larvae 
examined 

Inversion a 
IL 

Inversion heterozygotes 
Inversion b Inversion c 
IR IIL 

Inversion d 
lllL 

Mean number of 
heterozygous 
inversion per 
individual 

Sympatric 
Zoology Dept. 

260 

12.30 

17.69 

8.46 

14.61 

0.53 

Sakel Nagar 

2 a ) 

18 . a ) 

14.50 

9.50 

16.50 

0.58 

Naharia 

180 

15.55 

21.11 

10.00 

18.89 

0.65 

AUopatric 
Central Office 

175 

6.85 

9.14 

3.42 

10.85 

0.30 

Hostel Campus 

200 

6.50 

4.50 

3.00 

8.50 

0.22 

Bhagwanpur 

225 

9.30 

8.00 

2.66 

5.77 

0.25 


Table 3. X~ values (above diagonal) and associated probabilities (below diagonal) for different inversion 
heterozygotes between populations 


Population 


Sympatric 



AUopatric 


Zoology Dept. 

Saket Nagar 

Naharia 

Central Office 

Hostel campus 

Bhagwanpur 

Sympatric 
Zoology Dept. 


4.20 

11.48 

15.42 

41.55 

28.45 

Saket Nagar 

>0.15 


6.56 

21.39 

37.00 

32.94 

Naharia 

>0.10 

>0.25 


27.16 

49.10 

44.12 

AUopatric 
Central Office 

>0.05 

<0.005* 

<0.001* 


3.36 

4,61 

Hostel Campus 

<0.001* 

<0.001* 

<0.001* 

>0.75 


3.60 

Bhagwanpur 

<0.001* 

<0.001* 

<0.001* 

>0.50 

>0.75 



• Significant 


populations are given in Table 3. However, the 
data on homozygotes could not be scored for some 
of these inversions because of their small size 
which prevented us to analyse Hardy-VVeinberg 
frequencies during present study. 

DISCUSSION 

The chromosomal complement in the genus 
Chironomus ranges from the standard number of 
four pairs (2n = 8) to three pairs (2n = 6) or, in one 
case to two pairs (2n = 4) [7]. The karyotype of 
Ch. striatipennis comprises 4 pairs of chromosomes 
(2n = 8) wherein the sex-chromosomes, like other 
Chironomus species, are not distinguished from 
the autosomes. However, several methods have 


evolved recently to ascertain the sex-chromosomes 
in chironomids [8-12]. In the present study a 
search was made especially for sex-associated in- 
versions, but none of the inversions exhibited such 
association with any particular sex. 

The nucleolus organizer region, containing parts 
of the genetic code for ribosomes, has also proved 
to be an excellent cytological marker for species 
identification even in the species with strict 
karyotypic similarity. Our study in Ch. 
striatipennis revealed that only 18C segment of the 
chromosome IV is associated with nucleolus. This 
cytological marker proved to be of great help in 
separating the wild-caught larvae of Ch. 
striatipennis and Ch. circumdatus which are often 
found together in natural habitats. In Ch. circum- 
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datus both chromosome I and II exhibit association 
with the nucleolus though having karyotype similar 
to that of Ch. striatipennis [3]. 

Unlike Drosophila species, centromeric position 
in the polytene chromosomes of Chironomus is not 
clearly defined because of the absence of an orga- 
nized common chromocenter. However, C- 
banding analyses have revealed that C-band posi- 
tive segment tend to show in general preferential 
localization at regions designated as centromeres, 
telomeres and nucleolar organizers and at some 
interstitial regions of chromosomes. This has been 
noticed in several species of Chironomidae and 
Simuliidae [6, 13, 14]. However, in a number of 
chironomid species C-heterochromatin (constitu- 
tive heterochromatin) was not observed in all the 
regions mentioned above and this situation is not 
unique, but seems to wide-spread both in plant 
[15, 16] and animal species [17]. Despite this, the 
varying degree of amount and pattern of C- 
heterochromatin has been attributed to be of great 
evolutionary significance in Chironomus species 
[ 6 ], 

In the present study C-banding technique was 
used in order to define centromeric position in the 
polytene chromosomes of Ch. striatipennis. By 
this technique it could be possible to visualize 
C-heterochromatin in the form of a deeply stained 
band at the site of centromere in each chromosome 
(Fig. Ic). This technique was found to be of great 
help particularly in case of metacentrics to desig- 
nate their right and left arms. This was necessary 
for distinguishing a pericentric inversion from a 
paracentric inversion. 

It is well documented that inversion polymorph- 
ism is adaptive and this condition is maintained in 
nature owing to the superiority of structural heter- 
ozygotes [18-20]. In the present study a little over 
1200 larvae of Ch. striatipennis from six different 
localities in India were examined for naturally 
occurring chromosomal polymorphism. This study 
has detected four paracentric inversions in this 
species (Fig. 3a-d). Our present data on geo- 
graphic distribution of these inversions show that 
though all the populations were found to be poly- 
morphic for the same inversions, the mean number 
of heterozygous inversions per individual varied in 
different populations ranging between 0.22 (Hos- 


tel campus) to 0.65 (Naharia). Among the inver- 
sions, a, b and d were found with higher frequen- 
cies in all localities than inversion c (Table 2). The 
inversion a and b were also found coupled together 
only in 5 larvae obtained from Saket Nagar. 
Moreover, the wide occurrence of these inversions 
suggests that they have not originated in the recent 
past. Further, the variation in the frequencies of 
inversion heterozygotes observed in different 
geographic populations seems to be in accordance 
with the assumption that different gene arrange- 
ments react in different ways to the different 
conditions of the environments [21, 22]. 

Perhaps one of the most striking features of the 
present study is the significant variation observed 
in the frequencies of inversion heterozygotes in 
two types of populations. For instance, all four 
inversion heterozygotes appeared relatively in 
much higher frequencies in the sample obtained 
from the localities where the larvae of Ch. 
striatipennis competed with those of Ch. circumda- 
tus than from the localities where the Striatipennis 
larvae inhabited solitary (Table 2). The statistical 
analyses also show that the difference in frequen- 
cies of inversion heterozygotes between sympatric 
and allopatric populations is significant (Table 3). 
Several studies have demonstrated that more than 
one selection component can be implicated in the 
maintenance of the polymorphism [23-25]. 
However, the fact that genetic variation for com- 
petitive ability exists in response to interspecific 
competition has also been reported by many work- 
ers [26-29]. 

No attempts was made to determine the effect of 
several other factors such as temperature, seasons, 
altitude and depth and therefore it seems prema- 
ture at present to conclude that interspecific com- 
petition alone has been largely responsible for the 
variations in the frequencies of inversion heterozy- 
gotes in these populations. Hence a more detailed 
investigation of various factors through laboratory 
experiments as well as field studies seems to be 
desirable. 
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